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(54) GRAPHITE NANO FIBER, ELECTRON EMITTING SOURCE AND METHOD FOR 
PRODUCING THE SAME, DISPLAY ELEMENT HAVING THE ELECTRON EMITTING 
AND LITHIUM ION SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cathode 
material capable of achieving a high electron- emitting 
density and an electron-emitting properties in a low 
electric field, and further to provide an electron-emitting 
source having the material, a method for producing the 
electron-emitting source, a display element having the 
electron- emitting source and a lithium ion secondary 
battery obtained by using the carbonaceous material as 
an activate material for a cathode. 
SOLUTION: This graphite nanofiber material has a 
columnar structure obtained by laminating graphene 
sheets having truncated ice cream cone shapes through 
a catalytic metal, or a structure obtained by stacking 
small fragments of the graphene sheets having shapes 
along the surface shape of the catalytic metal through 
the catalytic metal. The catalytic metal is composed of 
Fe. Co or an alloy containing at least one kind of these 
metals. The electron-emitting source, the display 
element constituted so that a desired part of a light 

emitter may emit the light, the carbonaceous material for the cathode of the battery, and the 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The graphite nano fiber characterized by having the pillar-like structure where the 
laminating of the graphene sheet which has the ice cream cone configuration where the nose of 
cam was cut was carried out through the catalyst metal, or the structure in which the wafer of a 
graphene sheet which has the configuration where it met in the shape of [ of a catalyst metal ] 
surface type was piled up through the catalyst metal. 

[Claim 2] The graphite nano fiber according to claim 1 which the penetration opening which 
exists in the center is hollow in the graphite nano fiber which has the aforementioned pillar-like 
structure, is filled up with amorphous carbon, and is characterized by the diameter being 10nm - 
600nm. 

[Claim 3] The graphite nano fiber according to claim 1 or 2 characterized by being what the 
aforementioned catalyst metal becomes from an alloy including at least one kind of Fe, Co(es), or 
these metals. 

[Claim 4] an electrode substrate front-face top — or the source of electron emission where it is 
the source of electron emission which consists of a carbon film prepared on the patternizing 
portion of the electrode substrate front face by which patterning was carried out, and this 
carbon film is characterized by the bird clapper from a graphite nano fiber according to claim 1 
to 3 

[Claim 5] The source of electron emission according to claim 4 characterized by being what the 
electrode substrate for forming the aforementioned carbon film becomes from an alloy including 
at least one kind of Fe, Co(es), or these metals. 

[Claim 6] the electrode substrate front-face top which consists of an alloy containing at least 
one sort of Fe, Co(es), or these metals by heat CVD using carbon content gas and hydrogen gas 
— or the production method of the source of electron emission characterized by making a 
graphene sheet grow and obtaining the growth phase of a graphite nano fiber according to claim 
1 to 3 on the patternizing portion of this electrode substrate front face by which patterning was 
carried out 

[Claim 7] applying the paste which the solvent was distributed and prepared the powder of a 
graphite nano fiber according to claim 1 to 3 on an electrode substrate — or the production 
method of the source of electron emission characterized by dipping an electrode substrate in 
the dispersion liquid which the solvent was distributed and prepared this powder, making this 
graphite nano fiber adhere to an electrode substrate by the^ electrodeposition process, and 
producing the source of electron emission 

[Claim 8] Two or more transparent electric conduction films by which patterning was carried out 
to the predetermined configuration. The source of electron emission which comes to prepare the 
carbon film which consists of a graphite nano fiber according to claim 1 to 3 in the patternizing 
portion of the electrode substrate front face by which patterning was carried out, and the 
emitter by which opposite arrangement was carried out to this carbon film. It is the display 
device equipped with the above, and if this carbon film and this transparent electric conduction 
film are chosen and voltage is impressed, it will be characterized by emitting an electron from 
this carbon film, and being constituted so that only the specific portion of this emitter may emit 



http://www4.ipdl jpo.gojp/cgi-bin/tran^web_cgi_eije?u=http%3A%2F%2Fwww6.ipdljp... 2003/09/10 



2/2 s<— > 



light. 

[Claim 9] Carbonaceous material for cell negative electrodes characterized by the bird clapper 
from a graphite nano fiber according to claim 1 to 3. 

[Claim 10] The rechargeable lithium-ion battery with which this carbonaceous material is 
characterized by the bird clapper from a graphite nano fiber according to claim 1 to 3 in the 
positive electrode which makes a lithium transition-metals oxide a positive active material, the 
negative electrode which makes carbonaceous material a negative-electrode active material, and 
the rechargeable lithium-ion battery which has the electrolytic solution of an organic-solvent 
system. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a graphite nano fiber, 
the source of electron emission and its production method, the display device that has this 
source of electron emission, and a rechargeable lithium-ion battery. It is related with the 
rechargeable lithium-ion battery using the display device which has the production method of the 
source of electron emission in which it comes to prepare the graphite nano fiber and this 
graphite nano fiber which are especially applied to the source of electron emission for a display 
use, and this source of electron emission by heat CVD, and this source of electron emission, the 
carbonaceous material for cell negative electrodes which consists of this graphite nano fiber, and 
this carbonaceous material for cell negative electrodes as a negative-electrode active material. 
Since the amount of emission electron of this source of electron emission is large, it can also be 
used not only for a flat panel like FED but for the conventional CRT electron source. 
[0002] 

[Description of the Prior Art] The source of cold cathode means the cathode which is the 
source of electron emission to which an electron is made to emit, without heating. The 
composition of the typical source of cold cathode is shown in drawing 1 . In this case, in order to 
form a cone-like cathode chip (chip which consists of W, Mo, Si, etc.) on an electrode substrate 
The electrode substrate (metal-electrode substrate which consists of W, Mo, Si, etc.) 2 is first 
formed on a substrate 1 . this electrode substrate 2 top — the insulating body membrane as an 
insulator 3, and a gate electrode (W and Mo — ) The metal gate film as a gate electrode 4 which 
consists of Si etc. is formed, a resist film is further formed on it, a hole pattern is produced with 
lithography technology etc., metal gate film and insulating body membrane directly under are 
********** e d, and the electrode substrate 2 is exposed. Subsequently, vacuum evaporation© is 
performed from across, rotating a perpendicular [ as opposed to a substrate side for this 
electrode substrate ] as a medial axis, and the cone-like cathode chip 5 is obtained. For 
example, in deposition of Mo which is emitter material, while Mo atom plugs up opening gradually 
itself, the direction of vacuum evaporationo is adjusted so that it may deposit in a hole, 
excessive Mo film deposited outside the hole with the ablation film is removed, and an emitter is 
produced after that. The thing of a display use is driven by 100v [/micrometer ] electric field 
with the emitter produced by this method now. 

[0003] As described above, although Si, Mo, etc. have been examined until now, using a carbon 
nanotube for a cathode material in recent years is examined as a cathode material. The carbon 
nanotube had the shape of a cylindrical shape formed by the helical structure which made the 
carbon 6 member ring main structure, it is the graphite fiber of the multiplet structure by which 
the cylinder has been arranged in the shape of [ very detailed ] a concentric circle, and either of 
the end has opened it wide. This carbon nanotube is superior to other metallic materials in 

pvi iwimiuiivvo, ouwi i c**» ci iw oiv>ou uii ciiiiooivii onai oulci iouo, ci ici nidi i coiotanuc, cxi iu uiidiiiocii 

stability. It is possible for such a carbon nanotube to grow up a carbon nanotube perpendicularly 
to a substrate on a specific substrate according to the carbon nanotube producing method for 
usually being produced by the arc discharge method, the laser evaporating method, the plasma 
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CVD method, etc., and having used microwave CVD especially. In the source of cold cathode 
(source of electron emission) produced by the above-mentioned method, the amount of electron 
emission sets in applied voltage of 3v/micrometer, and they are about two 1 mA/cm and a low. 
[0004] Moreover, with the miniaturization of electronic equipment, high-energy density-ization of 
a cell is demanded, therefore the highly efficient rechargeable lithium-ion battery is developed in 
recent years. For example, it excels in the cycle-life performance in which it is produced by 
using for a negative electrode the above-mentioned carbon nanotube which has the monolayer 
wall surface which is carbonaceous material, and deals, and the big rechargeable lithium-ion 
battery of service capacity is proposed. This uses that the carbon intercalation compound of a 
lithium can form easily electrochemically. That is, if it charges in nonaqueous electrolyte by using 
carbon as a negative electrode, the lithium in the positive electrode containing a lithium will be 
electrochemically doped between the layers of negative-electrode carbon, the carbon with which 
this lithium was doped acts as a lithium electrode, with electric discharge, a ** dope is carried 
out from between carbon layers, and a lithium returns all over a positive electrode. Since the 
charge (mAh/g) per unit weight of the carbonaceous material at this time is decided by the 
amount of dopes of a lithium, in order to obtain a high charge, in a negative electrode, it is 
necessary to enlarge the amount of dopes of a lithium as much as possible. 

[Problem(s) to be Solved by the Invention] Since the electron emission from a carbon nanotube 
is produced from the nose of cam or rejected region in the case of the source of electron 
emission which consists of the conventional carbon nanotube including the carbon nanotube 
made to grow perpendicularly to a substrate as described above, there is a problem that it is 
inapplicable for the moment in the operation as which high current density is required like the 
electron source for CRT. 

[0006] Moreover, although a part for a defective part and the open end of this nanotube is 
needed in order for a lithium ion to invade into a carbon nanotube in the case of the 
rechargeable lithium-ion battery which used the above-mentioned carbon nanotube as negative- 
electrode material, the conventional carbon nanotube is not necessarily enough. That is, since a 
lithium ion cannot invade in amount sufficient in a carbon nanotube and the amount of dopes of a 
lithium does not become large, there are a long cycle life which may fully be satisfied, and a 
problem that high-speed charge is not obtained. 

[0007] [ whether with a carbon nanotube. it can attain by the technical problem of this invention 
being canceling the trouble of the above-mentioned conventional technology, and ] Or the 
cathode material to which achievement can attain difficult high electron emission density and a 
low field-electron-emission performance, The source of carbon system electron emission which 
consists of this cathode material and its production method, the display device which has this 
source of electron emission. The cycle life using a big carbonaceous material for cell negative 
electrodes and this carbonaceous material of the amount of lithium dopes as an active material 
of a negative electrode is long enough, and is for service capacity to offer a big rechargeable 
lithium-ion battery possible [ high-speed charge ]. 
[0008] 

[Means for Solving the Problem] This invention persons about the cathode material which has 
high electron emission density and a low field-electron-emission performance Moreover, about 
the carbonaceous material which can be used as an active material of a negative electrode, 
wholeheartedly, although research and development have been furthered, for a cycle life to be 
longer than before and for service capacity obtain a large rechargeable lithium-ion battery 
possible [ high-speed charge ] Were obtained in process in which a crystal is made to grow using 
carbon content gas and hydrogen gas by heat CVD. It finds out that there is a performance 
which was excellent as an active material of the electron emission characteristic excellent in the 
graphite nano fiber which has the structure which is not reported conventionally, and the 
negative electrode for rechargeable lithium-ion batteries, and came to complete this invention. 
[0009] The graphite nano fiber of this invention consists of having the pillar-like structure where 
the laminating of the graphene sheet which has the ice cream cone configuration where the nose 
of cam was cut was carried out through the catalyst metal, or the structure in which the wafer 
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of a graphene sheet which has the configuration where it met in the shape of [ of a catalyst 
metal ] surface type was piled up through the catalyst metal. Among these, in the graphite nano 
fiber which has pillar-like structure, the penetration opening which exists in the center is hollow, 
it fills up with amorphous carbon, and it is desirable that the diameter is 10nm - 600nm. An 
electron emission performance is inferior in what, for the moment, cannot compound that whose 
diameter is less than 10nm f and exceeds 600nm. As for the aforementioned catalyst metal, it is 
desirable that it is what consists of an alloy including at least one kind of Fe, Co(es), or these 
metals. The above graphite nano fibers are useful as a cathode material which has the 
outstanding electron emission characteristics, such as the high electron emission characteristic 
and a low field-electron-emission performance. 

[0010] the source of electron emission of this invention — an electrode substrate front— face top 
— or it consists of a carbon film prepared on the patternizing portion of the electrode substrate 
front face by which patterning was carried out, and this carbon film consists of a graphite nano 
fiber which has the above-mentioned structure Moreover, as for the electrode substrate for 
forming the aforementioned carbon film, it is desirable that it is what consists of an alloy 
including at least one kind of Fe, Co(es), or these metals. There is a catalysis for forming a 
graphite nano fiber in these metals. The electron emission characteristic which was 
[ performance / low field-electron-emission / high electron emission density, ] excellent is 
attained by the source of electron emission in which this graphite nano fiber was prepared. 
[0011] The production method of the source of electron emission of this invention uses carbon 
content gas and hydrogen gas by heat CVD. On the electrode substrate front face which 
consists of an alloy containing at least one sort of Fe, Co(es), or these metals Or it consists of 
obtaining the growth phase of a graphite nano fiber which has the structure which the carbon 
film was made to grow and was described above at the membrane formation temperature of the 
grade which does not exceed the heat-resistant temperature of a substrate on the patternizing 
portion of this electrode substrate front face by which patterning was carried out What has this 
growth phase serves as a source of electron emission, and constitutes the source of cold 
cathode. 

[0012] Dtp an electrode substrate in the dispersion liquid which extract the powder of a graphite 
[ which has the structure which described above the source of the electron emission of this 
invention again ] nano fiber, and a solvent is made to distribute this powder, prepare a paste, and 
apply this paste on an electrode substrate and which depended especially, or the solvent was 
made to distribute this powder, and were prepared, a this graphite nano fiber is made to adhere 
to an electrode substrate by the electrodeposition process, and it can also produce. 
[0013] The display device of this invention has the source of electron emission which comes to 
prepare two or more transparent electric conduction films by which patterning was carried out to 
the predetermined configuration, and the carbon film which consists of a graphite nano fiber 
which has said structure in the patternizing portion of the electrode substrate front face by 
which patterning was carried out, and the emitter by which opposite arrangement was carried out 
to this carbon film. In this display device, since opposite arrangement of a carbon film and the 
emitter is carried out, if this carbon film and this transparent electric conduction film are chosen 
arbitrarily and voltage is impressed, an electron will be emitted from this carbon film and only the 
specific portion of this emitter will emit light. 

[0014] The carbonaceous material for cell negative electrodes of this invention consists of a 
graphite nano fiber which has the above-mentioned structure, and its amount of lithium dopes is 
large. The performance of high capacity did not come out of the graphite nano fiber with which a 
diameter exceeds 600nm. Since a lithium ion has two or more open fields which can go in and 
out freely into a graphite nano fiber while having the property as activated carbon to have a big 
specific surface area, since it has the fine structure almost of the same grade as the 
conventional carbon nanotube, such a graphite nano fiber becomes the outstanding negative- 
electrode active material which has a big charge-and-discharge capacity exceeding the 
geometric capacity (372 mAh/g) of graphite. 

[0015] The rechargeable lithium-ion battery of this invention consists of a graphite nano fiber 
which has the structure which this carbonaceous material described above in the positive 
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electrode which makes a lithium transition-metals oxide a positive active material, the negative 
electrode which makes carbonaceous material a negative-electrode active material, and the 
rechargeable lithium-ion battery which has the electrolytic solution of an organic-solvent 
system. By using such a carbonaceous material, a cycle life is long and a rechargeable lithium- 
ion battery with large service capacity is obtained possible [ high-speed charge ]. 
[0016] 

[Embodiments of the Invention] The ice cream cone configuration where the nose of cam was 
cut as the graphite nano fiber of this invention was described above, Namely, it is the pillar-like 
structure where the laminating of many graphene sheets which have a truncated cone 
configuration was carried out through the catalyst metal. It has the structure in which the wafer 
of a graphene sheet which has the configuration where have the structure which the penetration 
opening which exists in the center is hollow, or is filled up with amorphous carbon, and it met in 
the shape of [ of a catalyst metal ] surface type or was piled up through the catalyst metal. 
Moreover, if it is the field configuration which takes the structure in which the wafer of the 
graphene sheet of a monotonous configuration which met in the shape of [ the ] surface type 
was piled up when the shape of surface type of a catalyst metal was a plane without an angle, or 
has an angle, the structure in which the wafer of the graphene sheet of a board configuration 
with the angle in alignment with the field configuration was piled up will be taken. 
[001 7] Such a graphite nano fiber may be produced by heat CVD. For example, the metal 
substrate which consists of an alloy including at least one kind of Fe, Co(es), or these metals is 
laid in the heat CVD system equipped with the electric furnace. After making the inside of 
equipment into a vacuum, introduce carbon content gas and hydrogen gas, such as a carbon 
monoxide and a carbon dioxide, in equipment, and usually at the membrane formation 
temperature of the grade which does not exceed the heat-resistant temperature of a substrate 
with one atmospheric pressure generally At the temperature of 1 500 degrees C or less, it is 400 
degrees C - 1000 degrees C in temperature preferably, and can produce by growing up a 
graphene sheet on this substrate. Thus, the graphite nano fiber was made to deposit with the 
source of electron emission on a substrate. There is a catalysis for forming a graphite nano fiber 
in this substrate metal. When the growth rate of a graphite nano fiber became it extremely slow 
that membrane formation temperature was less than 400 degrees C, and it exceeded 1500 
degrees C and industrial application is considered, there is a problem that the cost of heat 
energy starts. For example, when using as an object for a display, it is the temperature which 
does not exceed the heat-resistant temperature of a glass substrate, and it is required to grow 
up a graphite nano fiber. 

[0018] 1 one structure of a graphite nano fiber where you made it grow up on a metal-electrode 
substrate As typically shown in drawing 2 , the graphene sheet 12 which has a truncated cone 
configuration on the metal-electrode substrate 1 1 to the predetermined sense for example, in 
for example, the state where the edge at the nose of cam (head) of a truncated cone adheres on 
an electrode substrate front face Or it is in the state where the edge of the pars basilaris ossis 
occipitalis of a truncated cone adheres on an electrode substrate front face, or where both 
adhesion modes are mixed, it grows up, and it has the pillar-like structure by which the 
laminating was carried out. Thus, the penetration opening 13 exists in the center, and this 
opening is hollow or is filled up with the graphite nano fiber by which the laminating was carried 
out with amorphous carbon. Moreover, into the manufacture process, where a part is connoted, 
the laminating of the substrate metal particles 14 produced from the electrode substrate is 
grown up and carried out. 

[0019] Moreover, there is a thing as typically shown in drawing 3 and dra win g 4 in addition to 
what is shown in drawing 2 in 1 one structure of the above-mentioned graphite nano fiber, 
namely, as shown in drawing 3 , when the shape of surface type of the catalyst metal 22 of the 
metal substrate origin is a plane without an angle As the structure to which many wafers of the 
graphene sheet 21 of a monotonous configuration which met in the shape of [ the ] surface type 
were piled up on each catalyst surface of metal is taken and it is typically shown in drawing 4 In 
being the field configuration in which the shape of surface type of the catalyst metal 22 of the 
metal substrate origin has an angle, it takes the structure to which many wafers of the graphene 
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sheet 21 of a board configuration with the angle which met in the shape of [ the ] surface type 
were piled up on each catalyst surface of metal. 

[0020] The graphite nano fiber obtained by this invention intermingles for it and has drawing 2 
and the structure shown in 3 and 4. 

[0021] By forming a graphite nano fiber which was described above on the metal-electrode 
substrate, it becomes possible about the field-electron-emission property from the source of 
carbon system electron emission to high-performance-ize. Specifically, it is applied voltage of 
the same grade as the conventional carbon nanotube, and the electron emission of high current 
density becomes possible, and electron emission of high current density sufficient to the grade 
which can be used for the electron source for CRT is obtained. For example, the model of the 
electron emission is explained by making into representation the graphite nano fiber which has 
the structure shown in drawing 2 . What the field electron emission has produced is conjectured 
from the edge of each graphite nano fiber, i.e., the edge of each graphene sheet 12, so that 
clearly from the ** type view of the electron emission of the graphite nano fiber shown in 
drawing 5 . The sign number in drawin g 5 shows the same thing as the case of drawing_2 . Such 
electron emission is the same also for the case of the graphite nano fiber shown in drawmg 3 
and 4. 

[0022] Although the carbon film which constitutes the source of electron emission in this 
invention is formed on an electrode substrate front face In the case of the carbon film formed on 
the patternizing portion of the electrode substrate front face by which patterning was carried 
out According to the Fort Lee SOGURAFU process performed by applying well-known 
photopolymer liquid on an electrode substrate front face Or by presswork etc., the electrode 
substrate by which desired patterning was performed to the front face is obtained, subsequently 
to this specific patternizing portion, a graphite nano fiber is grown up as mentioned above, and 
the carbon film of a desired pattern configuration is formed, and let this be a source of electron 
emission. 

[0023] Moreover, the powder of a graphite nano fiber is obtained by extracting from a substrate 
the graphite nano fiber growth phase produced on the electrode substrate, and collecting them. 
According to this invention, this powder distribute conductive pastes, such as a silver paste, 
prepare a paste, apply this paste on an electrode substrate, and by for example, the thing to dry 
[ whether a graphite nano fiber is made to adhere to the predetermined place of an electrode 
substrate, and ] Or an electrode substrate can be dipped in the dispersion liquid which the well- 
known conductive solvent was distributed and prepared this powder, and the source of cold 
cathode which is a source of electron emission can also be produced by making a graphite nano 
fiber adhere to the predetermined place of an electrode substrate by the electrodeposition 
process. Thus, by dealing with it as powder, the source of electron emission (source of cold 
cathode) which has a desired pattern according to the purpose is easily producible with print 
processes and an electrodeposition process. 

[0024] If an emitter is formed on the transparent electric conduction film by which patterning 
was carried out to the request configuration, it can make only the specific portion of an emitter 
emit light according to the purpose, since the display device of this invention is equipped with 
the source of electron emission which has the carbon film which has a desired pattern 
configuration which was described above. 

[0025] Next, the carbonaceous material for cell negative electrodes and the rechargeable 
lithium-ion battery of this invention are explained. 

[0026] The carbonaceous material for cell negative electrodes and the rechargeable lithium-ion 
battery of this invention are developed by the graphite nano fiber which has the above- 
mentioned structure based on the technology [ lithium ion ] in which it can go in and out freely. 
[0027] As the graphite nano fiber which is this carbonaceous material was described above, it 
may be prepared. As a graphite nano fiber which constitutes the active material for cell negative 
electrodes of this invention, the graphite nano fiber growth phase obtained as mentioned above 
is extracted, collected and used from a substrate. In order to produce a negative electrode 
(carbon electrode) using this active material, first, a graphite nano fiber and a binder (for 
example, resins, such as a polyvinylidene fluoride usually used on the occasion of production of 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web^cgi_ejje 



2003/09/10 



D/O — V 



an electrode) are kneaded in solvents (for example, dimethylformamide etc.), and a negative 
electrode mix is prepared. Subsequently, it fabricates on a pellet with a nickel mesh, and a 
negative electrode is produced. 

[0028] That what is necessary is just to include sufficient quantity of the lithium as a positive- 
electrode material, although especially a limit is not carried out, when a lithium transition-metals 
oxide is used, by this invention, a good performance is obtained especially. As transition metals, 
cobalt, nickel, etc. have a desirable kind at least, for example. 

[0029] Especially a limit is not carried out that what is necessary is just what is usually used as 
the electrolytic solution in the rechargeable lithium-ion battery as the electrolytic solution of an 
organic-solvent system. 

[0030] About the rechargeable lithium-ion battery of this invention, the cross section of a coin 
type rechargeable battery is shown as an example of the rechargeable lithium-ion battery which 
used the carbonaceous material of this invention as a negative-electrode active material, and 
produced it to _ta__y___g_6 . This is the same as the structure of a well-known coin type cell, and 
is obtained according to a well-known method. That is, this rechargeable battery forms a 
negative electrode 31 in the shape of [ which kneaded the above-mentioned graphite nano 
fiber / for a negative-electrode mix ] a **** disk, and is produced by closing insulating a gasket 
36 through separator 32 with the negative-electrode charge collector 34 and the positive- 
electrode charge collector 35 which consist the upper and lower sides of nickel etc. in piles in 
the disk-like positive electrode 33. 

[0031] ,. . 

[Example] Next, although an example explains this invention in detail, this invention is not limited 

at all by these examples. . 
(Example 1) The iron substrate was installed in the well-known heat CVD system, and the inside 
of equipment was made into the about 1Pa vacuum. Then, when introduced the mixed gas of 
hydrogen gas and carbon monoxide gas in equipment, the gas flow was carried out with one 
atmospheric pressure, temperature of a substrate was made into 650 degrees C using the 
electric furnace and it was made to react for 30 minutes at this temperature, the graphene sheet 
grew on the substrate. The concentration of the carbon monoxide gas in that case was 30vol%. 
The substrate was taken out from the heat CVD system and what the spectrum characteristic 
of graphite was shown and the graphite matter generated about the obtained sample when the 
Raman scattered spectrum was measured was checked. Moreover, about this sample, when 
observed with the scanning electron microscope (SEM), it turns out that it is growing up after 
many graphite nano fibers have curled on a substrate. When this graphite nano fiber is observed 
with a transmission electron microscope (transverse electromagnetic), the 1 one structure The 
pillar-like structure of coming to carry out the laminating of the graphene sheet which has the 
ice cream cone configuration (namely, truncated cone configuration) where the nose of cam as 
shown in drawing 2 was cut through a metal catalyst, The structure to which many wafers of the 
graphene sheet 21 of a monotonous configuration which met in the shape of [ of the catalyst 
metal 22 as shown in drawing 3 ] surface type were piled up on each catalyst surface of metal, It 
turns out that the wafer of the graphene sheet 21 of the board configuration crooked at the 
angle which met in the shape of [ of the catalyst metal 22 as shown in drawing 4 ] surface type 
has a heap of [ much ] structures on each catalyst surface of metal, and such structures are 
intermingled. Moreover, it turns out that it has pillar-like structure in the state where a part of 
substrate metal particles which, as for the graphite nano fiber which has structure as shown in 
drawin g 2 , a penetration opening exists in the center, this opening is hollow, or is filled up with 
amorphous carbon, and the graphite side produced from the electrode substrate were connoted 
( drawing 6 ). The diameter of the obtained graphite nano fiber suited within the limits of lOnm - 
666nm. 

[0032] Subsequently, the property of the source of electron emission which consists of a 
graphite nano fiber fiim obtained as mentioned above was measured. Consequently, the start of 
electron emission was checked in the place which applied voltage arrived at [ micrometer ] in 
0.8v /, the amount of electron emission increased as applied voltage was enlarged after that, and 
100 mA/cm2 was reached in micrometer in 5v /. Although it was the amount of electron 
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emission of 1 mA/cm2 in the applied voltage of 3v/ micrometer in the needlelike source of 
electron emission using the carbon nanotube in the conventional technology, as described above, 
the big amount of electron emission was obtained with very small applied voltage in the source 
of electron emission of this invention. 

(Example 2) The Inconel (nickel-Cr-Fe alloy) substrate was installed in the same heat CVD 
system as the case of an example 1 , and the inside of equipment was made into the about 1 Pa 
vacuum. Then, when the mixed gas of hydrogen gas and the choke damp was introduced in 
equipment, the gas flow was carried out with one atmospheric pressure, temperature of a 
substrate was made into 650 degrees C using the electric furnace and you made it react for 30 
minutes at this temperature, the graphene sheet grew on the substrate. The concentration of 
the choke damp in that case was 30vol%. When the substrate was taken out and observed from 
the heat CVD system, it turns out that it is growing up after the graphite nano fiber has curled 
on a substrate like the case of an example 1, and the thing of the structure as the case of an 
example 1 also with the same structure of this graphite nano fiber is intermingled. 
[0033] Thus, when the property of the source of electron emission which consists of the 
obtained graphite nano fiber film was measured, the amount of electron emission of the same 
grade as an example 1 was obtained. 

(Example 3) SUS304 substrate was installed in the same heat CVD system as the case of an 
example 1, and the inside of equipment was made into the about 1Pa vacuum. Then, when 
introduced the mixed gas of hydrogen gas and carbon monoxide gas in equipment, the gas flow 
was carried out with one atmospheric pressure, temperature of a substrate was made into 650 
degrees C using the electric furnace and it was made to react for 60 minutes, the graphene 
sheet grew. The concentration of the carbon monoxide gas in that case was 30vol%. When the 
substrate was taken out and observed from the heat CVD system, it turns out that it is growing 
up after the graphite nano fiber has curled on a substrate like the case of an example 1 , and the 
thing of the structure as the case of an example 1 also with the same structure of this graphite 
nano fiber is intermingled. 

[0034] Subsequently, after having extracted the obtained graphite nano fiber, distributing and 
mixing and preparing a paste to the silver paste for wiring of marketing of the obtained powder 
(product made from NIRAKO), by print processes, it applied to the glass substrate, it dried, and 
the source of electron emission was produced. 

[0035] Thus, when the property of the source of electron emission which consists of an 
application film of the obtained graphite nano fiber was measured, the amount of electron 
emission of the same grade as an example 1 was obtained. 

(Example 4) The graphite nano fiber obtained in the example 1 was extracted, this graphite nano 
fiber and polyvinylidene fluoride (binder) were kneaded in the dimethylformamide solvent, and the 
negative-electrode mix was prepared. Subsequently, it fabricated on the pellet with a nickel 
mesh, and the carbon electrode (negative electrode) was produced. About this negative 
electrode, the charge capacity and service capacity were evaluated using the usual cell for an 
examination. The composition of this cell for an examination (coin type cell) is as follows. 
[0036] 

counter electrode: — lithium metal separator: — polypropylene porous-membrane electrolytic- 
solution: — the mixed solvent (it is 1:1 at a capacity factor) of an ethylene carbonate and a 
dimethyl carbonate — as an electrolyte — a lithium perchlorate — one mol/l. — dissolving — 
manufacture 

[0037] Cell size: Charge and discharge were performed by the constant current of 500microA 
(current density 0.26 mA/cm2) to the cell for the 2.5mm [ in diameter / of 20mm / x thickness ] 
above-mentioned examination. The charge end and the electric discharge end were considered 
as the time of a cell voltage being set to 0V and 1.5V, respectively. About the negative- 
electrode capacity of the obtained graphite nano fiber, they were charge capacity 980 mAh/g 
and service-capacity 330 mAh/g. The service capacity which exceeds geometric capacity 371 
mAh/g of graphite it to be ** was obtained from this result, and charge-and-discharge efficiency 
(service capacity / charge capacity) (x100) was also excellent. 

(Example 5) The graphite nano fiber obtained in the example 2 was extracted, the negative 
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electrode was produced like the case of an example 4, and the charge capacity and service 
capacity were evaluated. Consequently, service capacity of the same grade as the case of the 
graphite nano fiber in an example 4 and charge-and-discharge efficiency were acquired. 
(Example 6) The graphite nano fiber obtained in the example 3 was extracted, the negative 
electrode was produced like the case of an example 4, and the charge capacity and service 
capacity were evaluated. Consequently, service capacity of the same grade as the case of the 
graphite nano fiber in an example 4 and charge-and-discharge efficiency were acquired. 
(Example 7) As shown in drawing 8 (A) and (B), on the glass substrate 41, the spatter was used, 
Fe was formed, the line 42 of Fe film was formed using technology, such as a photolithography, 
and the perpendicular gate electrode 44 was produced through the glass rib 43 on this Fe line. 
Thus, the substrate by which the gate electrode was produced was installed in the same heat 
CVD system as the case of an example 1 , and the inside of equipment was made into the about 
1 Pa vacuum. Then, when introduced the mixed gas of hydrogen gas and the choke damp in 
equipment, the gas flow was carried out with one atmospheric pressure, temperature of a 
substrate was made into 650 degrees C using the electric furnace and it was made to react for 
60 minutes at this temperature, the graphite nano fiber grew on the Fe line 42 which is visible on 
the surface of the substrate. 
[0038] 
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